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Abstract 

There was made characterization of the SFr-25 
model with discharge chamber walls made of differ- 
ent materials such as the Russian BN-Si02 (BGP) 
^e ceramics, AJN-BN and BN types ceramics pro- 
duced in France and in USA, respectively. The 1st 
one is used in a modem SPT-70 and SPT-100 flight 
design and two other ones are the prospective mate- 
rials for SPT discharge chamber manufecturing. 
These materials have good enough properties under 
increased temperatures. It is interesting also that ac- 
cording to published data they have different secon- 
dary electron emission. So, characterization of 
thruster with the discharge chamber wall made of the 
mentioned materials could give some indication of 
the secondary electron emission influence on thruster 
operation and performance. 

The SPT-25 model has external accelerating chan- 
nel diameter 25mm and acceptable performance level 
imder dischai^ powers (100-200)W. To characterize 
its operation with discharge chamber walls made of 
different ceramics there were determined the voltage- 
current characteristics of the mentioned model under 
different magnetic fields inside the accelerating chan- 
nel and different mass flow rates through the acceler- 
ating channel. There were determined also the thrust 
values and oflier output parameters such as the thrust 
efficiency and specific impulse, the accelerated ion 
flow divergence by measurement of the accelerated 
ion current distribution in off-axis angle by RPA 
probe, some plume plasma parameters measured by 
cylindrical electrostatic probe and discharp voltage 
and cturent oscillation characteristics. 

Obtained results confirm high enough performance 
level of the SPT-25 model witii BGP ceramics. It has 
demonstrated the total thrust efficiency (calculated 
accounting for the cathode mass flow rate and power 
losses for magnetization) -0,25 and specific impulse 
~885s under power -lOOW, the total thrust efiBciency 
•-0,32 and specific impulse ~1300s under power 
~200W. There was obtained also complex of thruster 
integral characteristics allowing comparison of these 
characteristics for different discharge chamber mate- 
rials. In particular there was found notable difference 

of voltagcKairrent characteristics and thrust values for 
different ceramics under low mass flow rates and 
magnetic fields. Moreover thrust and thnist efficiency 
are different with different materiab even under very 
close discharge voltages and currents obtained under 
comparable conditions and great enough magnetic 
fields. Thus, there was obtained more or less complex 
information allowing comparison of thnister chiac- 
teristics with discharge chamber walls made of differ- 
ent materials. 

Introduction. 

It was known already many yeare, at least in Rus- 
sia, that the discharge chamber material has great im- 
pact on the SPT operation, characteristics and per- 
formance level'"* and there was found that such ce- 
ramics as AIN-BN, BN and BN-SiOa having good 
enough general properties (high enough mechanical 
strength, low electric conductivity under increased 
temperatoes and low sputtering yield under ceramics 
bombardment by ions, high breakdown electric field 
inteiKity, heat resistance and resistance to the me- 
chanical and thermal shocks etc) are acceptable for 
the discharge chamber manufetoring. It was clear 
also that significant role has to play the ceramics sec- 
ondary electron emission^'' due to its possible impact 
at least on the near wall Debay sheath thickness and 
potential drop, electron energy balance and soKjalled 
near wall conductivity. But there was not made sys- 
tematic study of this specific ceramics property influ- 
ence on thruster operation and characteristics. There- 
fore some studies in this direction MfiUed tast 
yeare*'" are re^onable and to be contuiued becaiwe 
even by now there is no experimental data clearly and 
quantitatively showing role of the secondary electron 
emission in the SPT discharge. The main reasons of 
such situation are the complexity of processes in SPT, 
difficulty of (he near wall processes experimental 
study due to small sizes of the Debay sheath and lack 
of information on ph^ical conditions at dielectiic 
wall surfeces contacting with plasma and some ceram- 
ics properties such as the secondary election emission 
yield (SEEY), Therefore it is reasomble to continue 
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experimental study of operation peculiarities and 
characteristics of SPTs witih discharge chamber walls 
made of different materials as well as to realize stud- 
ies of the ceramics properties influence on processes 
in SPT wifli usage of some SPT discharge theoretical 
models taking into account the plasma-wall interac- 
tion. Surely it is difficult to develop the adequate dis- 
chai^ model, if there are some unsolved questions on 
the plasma-wall interaction. Nevertheless this is one 
of the possible wa^ to pt the final success and de- 
termination of maximum information on thruster 
characteristics with different dia;harge chamber wall 
materials could extend the date base for verification 
of diferent discharge models. Taking all the men- 
tioned into account fliere was made characleriration 
of Ihe SPT-25 model with discharge chamber walls 
made of AIN-BN produced by MCSE in Fiance, of 
the BN ceramics produced in USA and of the BN- 
SiOa (or BGP) ceramics produced in Russia and used 
in the modem SPT-70 and SPT-100 designs. The last 
material was used as the basic one for the compara- 
tive characteristics study. In parallel there is going 
work at CERN on determination of SEEY for the 
same materials which is not finished. But according 
to published data'* the SEEY levels are different for 
the mentioned ceramics. So, obtained characteristics 
could be used for analysis of the SEEY influence on 
thmster operation and performance. 

It is necessary to add that the detailed SPT-25 
model ctaacterization is interesting itself because 
this model has accepteble performance level under 
operation at powers -lOOW", Results of the men- 
tioned characterization are represented in the paper. 

1. Methodology of the SPT-2S characterization. 

As it was mentioned above for this stoidy there was 
umd the SPT-25 type thruster model'^ (Fig.l) having 
an external accelerating channel diameter 25 mm and 
magnetic system with one nmgnetization coil. Advan- 
tage of such model is mainly radial direction of mag- 
netic field lines (Fig.2) and small variation of the 
magnetic field topolo^ imder variation of magnetic 
field to optimize the operation mode. Direct meas- 
urements of the magnetic field intensity along the 
accelerating channel mid surfece show that the SPT- 
25 magnetic s^tem was able to create great enough 
magnetic field and there was some indications of the 
magnetics saturation under magnetization currents 
over 3A (Fig.3). Discharge chamber wall exit parts 
(see Fig. 1) were made as replacable circular rings. So, 
it was possible to manufecture these rin^ of different 
materials and to replace them. As it was mentioned 
above m the basic option there was used the BGP 
type ceramics. Therefore for Ms material there w^ 
made Ml enough characterization. Other options of 
the discharge chamber walls were manufectured of 
the AlN-BN and BN samples produced in USA. 
Thruster geometry and sizes of parts were identical 
for all materials within the manufectaring accuracy. 

SPT-25 model was tested imide the vacuum cham- 
ber of 2m in diameter and 6m in length. This chamber 
w^ equipped by thrustmeter having wxmmy of 
mcMurements + 3 percents within the range of the 
thrust values 5-10 mN. Test fecility has also sptem 
supplying ^s (Xe) into the accelerating channel 
through anode and into cathode as well as power sup- 
ply sources for all thruster circuits and electric pa- 
rameters measuring ^stem. The mass flow rate 
through anode was controlled and measured with ac- 
curacy + 3 percents within the range of (0,5-l)mg/s 
and cathode m^s flow rate-with accuracy of + 5 per- 
cents under its value ~0,lm^s. The dynamic pressure 
during flie SPT-25 tests with mass flow rates through 
thruster ~1 m^s and less did not exceed 1.5-10'^ Toir 
byXe. 

Test fecility ^s equipped also by the system of the 
accelerated ion flow parameters measurement allow- 
ing determination of flie accelerated ion cuixent distri- 
bution along the semicircle with the center positioned 
at the thiuster exit and with circle plane consisting of 
the thruster axis. To realire these measurements there 
was used the RPA probe mounted on the boom rotat- 
ing along the mentioned semicircle within ± 90 de- 
grees relative to the thruster axis. This system allows 
detennination of the accelerated ion current distribu- 
tion in off-axis direction, angular distribution of ac- 
celerated ions energy and estimation of diruster plume 
divergence. 

To characterize fte thruster model there were 
measured disclmrge current and thrust under different 
currents in magnetization coil for several fixed mass 
flow rates through anode and several fixed discharge 
volta^ values. The ran^ of mass flow rates through 
anode was (0,5-1,0) mg/s. The discharge voltap; was 
varied within (125-250)V. Thus, it was possible to 
determine the possible discharge chamber material 
impact on the voltage-current characterktics, depend- 
ence of discharge current on magnetic field intensity 
as well as to determine thrust and thrust efficiency 
imder different discharge conditions. There was also 
made the discharge voltege and current oscillation 
preliminary characterimtion, namely: to estimate the 
discharge voltage and current oscillations intensity 
there were registered their (5-10) occasional traces by 
digital oscilloscope. Then there were reaUzed their 
Fourier-analysis within the range of Jfrequencies 
0-250 kHz and calculation of the mean RMS ampli- 
tudes of the dischar^ voltege and current oscillatiom 
for 50 harmonics as well as determination of the 
dominating oscillation fi^quency. 

It is necessary to note that for the 1st series of tests 
on the SPT-25 characterization with BGP ceramics 
and with AIN-BN ceramics there was used heaterless 
cathode specially designed for small SPT's at 
Kharkov Aviation Institote. But this cathode (cathode 
#1) was broken after these tests. Therefore the second 
series of teste was made witihi usage of another cathode 
(cathode #2) designed for the SPT-IOO which was 
oversized for the SPT-25 model. Particularly it w^ 
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difficult to operate it under discharge currents lower 
than lA. Taking this into account there was used ite 
additional heating by power -25 W, but even in Ms 
case the SPT-25 thrast and thrust efficiency (calcu- 
lated not accounting for cathode losses) were lower 
than in Ihe 1st series. Nevertheless all characteristics 
were repeatable. Therefore there was made compara- 
tive study of the SPT-25 characteristics with BGP and 
BN type ceramics with the second cathode (catiiode 
#2) but theses data are to be considered as the pre- 
liminary ones. To distinpiish aO the tested cases be- 
low there wifl be used the following notations for the 
tested optioiw: 

option number ceramics cathode 
#1 BGP #1 
#2 BGP #2 
#3 AIN-BN #1 
#4 BN #2 

The angutar »celerated ion current distributions 
were determined under retarding potential Ui=+50V 
relative to cathode potential. Because plasma poten- 
tial in a plume was ~ 20V under such retarding poten- 
tial the RPA collector current is created by ions with 
energies higher than ~30eV. Thus, usage of the men- 
tioned retarding potential value allows characterira- 
tion only ions in a plume able to have notable me- 
chanical, thermal and erosion impacts on surfeces 
crossed by plume. 

For the b^ic option there were detemiined the 
plasma parameter distributioM in a small SPT plume 
under its operation with discharge power -lOOW and 
~200W. To measure these parameters in addition to 
RPA there was used cyhndrical Langmuir probe with 
axis oriented to thruster exit and moimted on the men- 
tioned rotatmg boom Due to existence of the acceler- 
ated ions in a plasma it is difficult to have satisfa;toiy 
interpretation of probe characteristics. Ejqperience 
coupled by authore of this paper shows that probe 
characteristics close to ctosical one coidd be obtained 
with cylindrical piobe oriented m it was mentioned 
above. To verify this conclusion fliere were made 
special me^urements with usage of cylindrical probe 
and emissive probe. These measurements ^ve satis- 
fectoiy agreement of the ptoma potential values 
measured by emissive probe and derived fom probe 
characteristics obtained by cylindrical probe. Plasma 
parameters in a SPT-25 plume were determined at 
three distances of probes from the thruster exit, 
namely: along the semicircles with radiuses R=0,3m, 
R=0,4m and R=0,5m. Sensitivify of measuring sys- 
tem did not allow obtaining of reliable data at larger 
distances. 

2. Results of the SPT-25 characterization with 
discharge chamber walls made of BGPf option #1) 

Results of the SPT-25 option #lperformance char- 
acteriation (Fig.4-9) show that: 

l.Model has typical for SPT characteristics under 
great enough magnetic induction and there is satoira- 
tion of thruster performance under high enough mag- 
netiation cuirente (see Fig.6 and Fig.9). It is possible 
to conclude also that imder magnetization currents 
Im>(2,5-3)A there is no fiuther increase of the thrast 
efficiency with increase of the magnetization current 
So, the mentioned values could be considered as op- 
timal ones. It is necessary to add that the mentioned 
char^teristics were determined whfle magnetization 
current w^s reduced from high values till low ones to 
reduce impact of the thraster model overheating tak- 
ing place under low magnetization currents while dis- 
chaige current is great 
2.There fe confmned the possibility to obtain accept- 
able total thrust efficiency of the SPT-25 model with 
discharge chamber walls made of BGP under its op- 
eration with discharge power Nd~100W and good 
enough performance level under disctorge power 
Nd~200W(TaMel). 

Table 1. Operation mode parameters and perform- 
ance data 

anode mass flow rate, mg/s 
cathode mass flow rate, mg/s 
discharge voltage, V 
dischaige current, A 
dischaige power, W 
thrust, mN 
total power consumption, W 
total specific impulse, s 
total thnKt efficiency, % 
plume half angle for 95% 
of accelerated ions, degrees 

^odel Mode 2 
0.6 0.7 
O.I 0.1 
151 224 
0.64 0,86 
96.7 192.6 
6.0 10.2 

103.7 200.7 
885 1299 

0.253 0,324 

79 66 

3. Date obtained by RPA and cylindrical probe allow 
the following conclusions: 

- the plume half angle values for the 95% of meas- 
ured current were within the range of 65-80 degrees 
and this angle is reduced with incre^e of discharge 
voltege and magnetiration current; 

- mean energy of ions is reduced significantly only 
under off-axis angles higher than 45-50 degrees and 
die difference between discharge voltege and mean 
ion enei^ maximum is almost the same under 
Ud=150V and Ud=225V; 

- plasma potential distributioiw has maximum in 
vicinity of thruster axis and level of potential is (20- 
22)V; 

- electron temperature is at level of ~leV and also 
slightly increased in direction to flie thruster axis; 

- plasma potential and electron temperature are not 
changed significantiy with increase of distance from 
the thruster exit. 

The oscillation characteristics wUl be discussed 
below. 
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3. Comparative study of the SPT-25 characteris- 
tics with different cathodes and discharge cham- 

ber wall materials 

Characteristics of the SPT-25 options #1 and #2. 

As it was mentioned above the characteristics of 
the SPT-25 options #1 and #2 are significantly differ- 
ent, to particular the discharge current and tlirust are 
typically lower with cathode #2 (Fig. 10-18). Finally 
the thriKt efficiency (calculated not accounting for 
cathocfe mass flow rate and additional heating power 
with cathode #2) is significantly lower than with 
cathode #1. This is an mdication of feet that SPT-25 
is very sensitive to the cathode operation. Probably, 
the mentioned characteristics behavior is caused by 
difiference of flie electron temperatures at Ihe exit of 
different cathodes and difTerent probability of the gas 
flow ioniration causing difference of the ion and dis- 
chai^ currente, but this point is to be studied addi- 
tionally. 

Difference in thruster operation is confirmed also 
by difference of the oscillation characteristics 
(Fig. 19-21). 

Characteristics of the SPT-25 options #1 and #3 

The SPT-25 model option #3 (with dischai^e 
chamber walls made of AIN-BN and cathode #1) 
characteristics are qualitatively similar to that ones 
obtained for Ihe option #l(Fig.22-33) but under low 
mass flow rate and magnetization currents the dis- 
charge current is typically higher (see Fig. 22) and 
tiimst is typically lower (see Fig.23). More over even 
under close discharge currents realized under high 
enough magnetiration currents Ihrast in this case is 
also lower (see Fig. 24-26). That is why the thrust 
efSciency in the case of AW-BN ceramics is lower 
(see Fig. 27). It is necessary to add that the range of 
the strfjle operation modes for AlN-BN case is more 
narrow, probably, due to reduction of the thrust effi- 
ciency. 

So, there WM found the definite difference of inte- 
gral characteristics for the AIN-BN case in compari- 
son with basic c^e. It is necessary to add that in this 
c^e under discharge voltages Ud~200V or higher 
there were speared the breakdowns between anode 
and internal magnetic pole of the magnetic ^stem 
creating hole (channel) with almost circular cross- 
section in internal discharge chamber exit ring body 
and havmg mauily axial direction of the hole axis. 

Characteristics of the SPT-25 option #3 and option #4 

Comparison of these optiom characteristics shows 
that: 

- as in the case of AIN-BN/BGP pair there are 
some differences in voltage-current characterktics 
under low magnetic fields in the case of BGP/BN pair 

and with mcrease of magnetic field these differences 
become negligible; 

- in the case of BN flie discharge current imder 
low magnetic fields is ^ically a Httle bit higher and 
thnBt is a little bit lower than in BGP case, therefore 
the thrust efficiency under low magnetic fiel(b is 
lower in the BN case, but under high enou^ magnetic 
fields the thrust and thrust efficiency are practically 
the same; 

- the plume divergence behavior is similar in both 
cases; 

- the oscillation characteristics are significantly 
different for significant part of the operation modes 
and have no direct link with the dischai^e current be- 
havior, 

- dependencies of integral parametere on magneti- 
mtion current for the BN case are qualitatively the 
same as for the AIN-BN and BGP. 

4. Preliminary discussion of the obtained results 

As a whole obtained results confirm that SPT-25 
model has acceptable performance level under low 
powere and fliat SPT characteristics depend on the 
discharge chamber material as well as on the specific 
thoKter and cathode designs and their operation 
modes. They confirm also once more the complexity 
of processes in SPT. 

Conceming the secondary election emission influ- 
ence on thnister operation and perfomance one can 
conclude that there is no simple or clear correlation 
between the level of the SEEY and thruster operation 
and performance. Indeed, according to published date 
the BGP SEEY level is intermediate between SEEY 
of tire AN-BN and BN, The relationship of the dis- 
chaige current, tiirust and thrust efficiencies under 
low magnetic fields for the tested three materials are 
not in correq>ondence with the mentioned trend. So, 
as at the begmning of paper one can conclude that 
studies in the coiBidered direction are to be continued 
including the SEEY determination which is, probably, 
to be done for the samples manufectured fi-om the 
same piece of material which was used for the con- 
crete discharge chamber manufectaring. The last con- 
clusion follows from preliminary resulte obtained at 
CERN for the considered materials which are signifi- 
cantly different fi-om published ones. 

Conclusion 

As a result of the represented wo± ttiere were ob- 
tained new (tota on the discharge chamber material 
influence on Ihe SPT operation and characteristics 
showing flie necessity of fiuther studies to get clear 
imderstanding of some specific ceramics properties 
influence on the mentioned characteristics including 
influence of tiie secondary electron emission yield. 
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Fig. 1. SPT-25 exit part diagram. 
1 - internal magnetic pole; 
2 - internal ceramic ring; 
3 - external ceramic ring; 
4 - external magnetic pole; 
5 - external anode ring; 
6 - internal anode ring. 
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Fig. 2. The SPT-25 magnetic field topology 

ani=2.5 A). 

-5 

• • 

Im=4.SA   / M 
fc:::r 
^ 

^'^ « 

IiB=3.0 Vy^ \l 

^ ̂ \\l 1 
Ini=2.0 

> 
,./^W 

\m 
In>=1.0A '^'\\m 

N^ 
^ ̂ ^te 

0 40 50 60 70   L,jnm 10 20       ^    30 

exit plane of the internal magnetic pole. 

Fig. 3. The radial magnetic field distribution along the accelerating channel mid surface. 
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Fig. 9. Thrust efllciency vereus tile magnetization current. 
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Fig. 10, Vottage-current characteristics with 
cafliode #1 and csthode #2. 
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Fig. 13. Thrust versus the dischaige voltage with 
cathode #1 and cathode #2. 
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Fig. 11. Voltage-current characteristics with 
cathode #1 and cathode #2. 
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cathode #1 and cathode #2. 
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Fig. 12, Voltage-current cliaracteristics with 
cathode #1 and catbode #2. 
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Fig. 15, Thrust versus the dischaige voltage with 
cathode #1 and cathode #2. 
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Fig. 19. The discharge voltage and current RMS amplitude 
versiB flie discharge voltage with cathode #1 and cathode #2. 
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Fig. 18. Thrust efflclency versus the discharge voltage ?rfth 
cathode #1 and cathode #2. 
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Fig. 20. The dlschai^e voltage and current RMS amplitude 
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Fig. 21. The discharge voltage and current RMS amplitude 
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Fig. 22. Voltage-current characteristics with discbarge 
chamber erit rings made of BGP (#1) and ABN («J), 
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Fig. 25. Thrust versus the dischai^e voltage wifli discharge 
chamber eiit rii^s made of BGP (#1) and ABN (#3). 
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Fig, 23, Thrust versw the duchai^e voltage with discharge 
chamber exit rii^ made of BGP (#1) and ABN («3). 
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Pig. 24. Thrwt versus the dlschai^e voltage with dischai^e 
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Fig. 27. Thrust eflldency verew flie dischai^e voltage with 
discharge chamber exit rings made of BGP (#1) and ABN (#3). 

10 
American institute of Aeronautics and Astronautics 



SPT.2S, mj^A mgit 

2,0 

1,8 

1,8 

1,4 

1,2 

1,0 

0,8 

,v <^ 

r-^ k^ » 

^ 
^ -^ 

-B??> ■-E-^-i 

*   1  
■==*- 

 ^— -"i 

s^  8— f^j 

100        120        140        160        1B0       200        220        240        280   U<I,V 

-#1,lm=1.0A 
-#1,lm=1JA 
-#1,lm = 2JA 
-#1,lm = 3.SA 

-#3,lm=1.0A 
-*3,lm=1.SA 
-#8,1m » 2.6 A 
-#3, lm = 3.SA 

F^. 1&, Volt^e-cnrrent characteristics wUh dischai^e 
chamber exit rings made of BGP (#1) and ABN (#3). 

T.niN 

14,0 

SPT-JS, RvO.8 n^, lin"2,5 A 

13,0 

12,0 

11,0 

10,0 

8,0 

8,0 

W 

8,0 

6,0 

^ 
^ ̂  

f' 

y 
y. 

^^ 
^ 

100      1M      140      leo      180      200      220      240      260      280  Ud,V 

-*-#1,lm = 2.SA        -*-#3,lm = 2,SA 

Fig. 31. Thrust versus the dbcharge voltage with dischai^e 
chamber exit rings made of BGP (#1) and ABN (#J). 

SPT.25, m,=OJ mg/s, lin=1.0 A SPT.2S, in,=0.8 mg/s, lm=9.S A 

.^ 
-♦ 

y^ y^y 

y 

5,0- 
120 140 

-*-#1,lm=1.0A 

160 180 

-»-#3,lm=1.0A 

MO  U!l,V 

Fig. 29. TIinBt vewus the disehai^e voltage with dischaige 
chamber exit rii^s made of BGP (#1) and ABN (#3). 
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Fig. 30, TluTKt versw the dischai^e voltage with discharge 
chamber exit rings made of BCff (#1) and ABN (#3), 
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Fig. 32. Thrust versus the discharge voltage with discliai^e 
chamber exit rii^ made of BGP (#1) and ABN (#3). 

^ 

/ 
^ 

/ 
{> 

y ^ 
/ ̂  

/ '^ 
-^ 

0,4S 

0,40 

0.35 

0,30 

0,25 

0,20 

0,1B 

0,10 

SPT-25, m.=0,8 mgfe 

^ -^ 

^ ̂  r- " 

^ -5^ _^  -» 

^ 
^ 

-«=; * 

100  120  140  161 180  200  220  240  260  ^0 »W,V 

-#1,lm=1.0A 
-#1,lm=1.5A 
-#1,lm = 2.BA 
-#1,lm«3.5A 

-#3,lm=1.0A 
-#3, lm=1.SA 
-#3,lm = 2.6A 
-#3, lm=3.5A 

Fig. 33. Tlirust efficiency vereus tfie discharge voltage with 
dischai^e chamber exit rinp made of BGP (#1) and ABN (#3). 
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